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Assessment of Salmonella spp, Typhimurium or Derby potential risk factors in 
Danish breeding pig holdings using multilevel approach
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Abstract
Pork and products thereof are known important sources of Salmonella to humans with particular concern to 
S. Typhimurium and S. Derby. The purpose of this work is to present potential risk factors for Salmonella Derby 
or S. Typhimurium in feces in Danish breeding pig herds, using data from the EU baseline survey on prevalence 
of Salmonella in breeding pigs, 2008. Multi-level multivariable analysis including 2930 pens (12 variables) within 
293 holdings (7 variables) was carried in SPSS version 22 using GLMM. Three outcomes were assessed, based on 
Salmonella positivity or negativity of the pens’ fecal pools: one binomial (Salmonella positive or negative pool); 
two multinomial outcomes, one with S. Typhimurium positive or S. non-Typhimurium positive or Salmonella 
negative pools and the other with S. Derby positive or S. non-Derby positive or Salmonella negative pools. 
Potential risk factors (p<0.05) for Salmonella positivity were: total number of breeding pigs, boar replacement 
policy and type of feed; S. Typhimurium-dependent potential risk factors were boar replacement policy and type 
of feed; S. Derby-dependent potential risk factors were boar replacement policy, type of feed and source of feed. 
The results from our analysis for Salmonella spp are in line with the conclusions from the EFSA report at the 
EU-level. Differences are that fewer associations were found in Danish data, with the variable boar replacement 
policy being retained in all three final models. A similar association was found in Portugal, which was source of 
semen. Results from Denmark and Portugal retained potential similar associations but full comparability was not 
possible due to some differences in the statistical methodology. Serotype-specific risk factor investigation revealed 
different risk associations for S. Typhimurium in Portugal and Denmark. Serotype-specific risk associations for S. 
Typhimurium and S. Derby in Denmark showed some differences which will be discussed.
Introduction
Salmonella is the second most reported cause of foodborne disease in European Union (EFSA and ECDC, 
2014). Incidence shows a decreasing tendency which has been attributed to successful control applied in 
poultry production sector (Wagenaar et al., 2013). Pork is considered the second most important source 
of Salmonella after table eggs and is closely related to S. Typhimurium infection (EFSA and ECDC, 2014). 
Regulation (EC) No 2160/2003 offers the legal framework for all Member States (MS) to formulate their own 
control plans, both at harvest and primary production. To achieve harmonized information on prevalence of 
Salmonella in pigs and potential risk factors, two baseline surveys were accomplished at EU level, after the 
Commission Decision 2008/55/EC, and the information collected should be used to set targets for reduction 
of Salmonella in MS (EFSA, 2009, 2011).
There is no “silver bullet” solution to reduce Salmonella in pre-harvest (Forshell and Wierup, 2006) and 
is assumed there is space for further improvement at harvest level (De Busser et al., 2013). Some authors 
highlight the need of researching the infectious pattern of most important Salmonella serotypes, suggesting 
the possibility that considerable differences may compromise the success of the control plans in action 
(Correia-Gomes et al., 2012; Forshell and Wierup, 2006; Pires et al., 2014; Wagenaar et al., 2013). Analysis 
of Portuguese data of European 2008 survey raised the possibility that Salmonella Typhimurium infection is 
likely to be associated with animal-related factors while other Salmonella serotypes may be associated with 
environment-connected factors (Correia-Gomes et al., 2012).
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Denmark and Portugal are considered as medium or high prevalence countries of Salmonella in swine 
production (EFSA, 2006). In Denmark, pork is the most important food source for salmonellosis (DTU-Food, 
2014). The purpose of this study is to search for potential risk factors for Salmonella infection, Salmonella 
Typhimurium and Derby in Danish data of European 2008 survey and compare the findings with the 
Portuguese results from Correia-Gomes et al. (2012; 2013).
Material and Methods
-Study design, sampling and sample testing
Data used was supplied by Danish Veterinary and Food Administration (DVA). The design and 
implementation of the study are published in EFSA (2007) and Commission Decision 2008/55/EC. The target 
population includes 80% of the breeding pig population of Denmark. Holdings were randomly selected 
from two different sampling frames: one for breeding and other for production holdings. Sampling was 
carried during the 12 months of 2008. When sampling inside an holding, a random selection of pens 
was followed, to achieve representativeness of all breeding production stages. The sample included 293 
holdings, of which 95 were breeding holdings and 198 were production holdings. Samples consisted of 
freshly voided feces representing the whole holding, pooling material from at least 10 animals from the 
pen. A questionnaire composed mostly by closed answers was performed to collect mandatory information 
on potential risk factors for Salmonella infection, both at holding and pen level. Collection of samples on 
holdings was performed by official veterinarians previously instructed by DVA, in order to minimize bias. 
Laboratory analysis of samples was accomplished on National Reference Laboratory, after recommendations 
of the Community Reference Laboratory, following the ISO 6579:2002/Amd 1:2007. Serotyping was made 
according to Kaufmann-White scheme. 
-Explanatory and outcome variables
Explanatory variables were at holding level: month of sampling, holding type, type of breeding holding, 
type of production holding, total number of breeding pigs, gilt replacement policy, boar replacement policy; 
at pen level: number of pigs per pen, outdoor access of pigs in pen, individual housing in pen, age of pigs 
sampled, sex of pigs sampled, productive stage of pigs, type of floor in pen, sanitary gap between new 
breeders in pen, type of feed given to pigs in pen, source of feed given to pigs in pen, potentially Salmonella 
reducing substances systematically added to feed or water of pigs in pen, use of antibiotics in feed water or 
by injections during the last 4 months in pigs in pen. Some variables were recoded to avoid data sparsity, or 
to obtain results comparable to referred analysis. 
Three outcomes were assessed, based on Salmonella positivity or negativity of the pens’ fecal pools: 
one binomial (Salmonella positive or negative pool); two multinomial outcomes, one with S. Typhimurium 
positive or S. non-Typhimurium positive or Salmonella negative pools and the other with S. Derby positive or 
S. non-Derby positive or Salmonella negative pools. For the analysis of these variables, Salmonella positive 
samples without serotype were excluded. 
-Statistical Analysis 
Given the multilevel structure of the data, with the pen level nested in holding level, multilevel logistic 
regression models (GLMM) were used and models were fitted separately for each of the three outcome 
variables. The holding was considered as a random effect. In the first step of the analysis, multilevel 
univariable models were performed to identify candidates for multilevel multivariable models, considering 
a significance level of 0.20. Considering all significant variables retained in the univariable analysis, 
multivariable logistic regression model were performed for each outcome. The final multivariable models 
were obtained using a stepwise selection process. Two-way interactions with biological meaning were 
investigated. Confounding was assessed evaluating changes in OR’s magnitudes. The significance level was 
set at 0.05. All analyses were performed using IBM SPSS version 22.
Results
There were 390 Salmonella spp. positive pens (13.3%) in 121 (41.3%) holdings. Four Salmonella positive 
samples had no serotype. In each positive pool only one Salmonella serotype was found. Seventeen distinct 
serotypes were isolated and the top three are S. Derby (4.9%), S. Typhimurium (2.8%) and S. Infantis (2.1%). 
In final model assessing risk associations for Salmonella spp (Table 1) variables “total number of breeding 
pigs”, “boar replacement policy” and “feed” were retained. In final model assessing risk associations for 
Salmonella Typhimurium (Table 2) retained variables were “boar replacement policy” (p=0.084, maintained 
due to confounding effects) and “feed”. For S. Derby, final model (Table 3) retained “boar replacement 
policy”, “feed” and “source of feed”. The estimative of the variance of holding level random effect are 
present in respective tables. No significant associations were found between variables selected to enter 
adjusted models. All the final adjusted models showed an Akaike Information Criterion (AIC) slightly lower 
than the saturate model: for Salmonella spp outcome, saturate model AIC was 15,736.509 and final model 
AIC was 15,716.005; for Salmonella Typhimurium outcome, saturate model AIC was 30,167.415 and final 
model AIC was 29,734.849; for Salmonella Derby outcome, saturate model AIC was 30,070.282 and final 
model AIC was 29,909.526.
Table 1: Final model for Salmonella spp. 
OR 95% CI p
Total number of breeding pigs (p= 0.041 )
   <100 0.151 0.033 – 0.687 0.014
   100-399 0.355 0.146 – 0.864 0.022
   400-999 0.508 0.215 – 1.202 0.123
   >999 1.0 - -
Boar replacement policy (p= 0.009 )
   No boarsonfarm 1.0 - -
   >90% homebred 0.374 0.201 – 0.697 0.002
   10-90% purchased 0.467 0.139 – 1.569 0.218
   >90% purchased 0.343 0.166 – 0.706 0.004
Feed (p= 0.001 )
   Cobbs/rolls/nuts/pellets 1.0 - -
   Others 0.235 0.086 – 0.647 0.005
   Meal/mash 0.574 0.335 – 0.983 0.043
   Porridge/liquid 0.326 0.176 – 0.603 <0.001
Random Effects σ2 (95% CI) SE p
(holding level) 2.704 (2.107 – 3.471) 0.344 <0.001
Variables
Salmonella spp
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Discussion
The risk variables retained for Salmonella spp in this study are consistent with EFSA global model, 
although being fewer. They are also compatible with the Portuguese risk variables highlighted in previous 
studies (Correia-Gomes et al., 2013). “Boar replacement policy” was retained in our three models. Although 
in the EFSA model this variable was lost due to interaction with type of holding, it showed a similar effect 
to the one in our models. In Denmark, generically, there seems to be a protective effect against infection 
when more than 90% of boars are homebred or purchased versus the absence of boars. Attention should 
be paid to the fact that S. Typhimurium seems to be a serotype independent of this factor in our models. 
In Portugal the risk increases for holdings purchasing more than 90% of boars comparing to those with 
no boars or homebreeding more than 90%, and also increases for holdings which purchase semen from 
other herds instead of doing it from an insemination center or from homebred boars. From the model for 
S. Typhimurium it can be seen this serotype doesn´t retain much effect, in contrast to what happens in 
Portuguese models. Some possible explanations are: could be that the control measures in place in Denmark 
for more than 20 years, in the long term, could have had a pronounced impact on that serotype (Alban et 
al., 2012) whereas in Portugal, that doesn’t have an official control plan for Salmonella, opportunities for 
Typhimurium to express are different; additionally the composition and relative proportion of serotypes in 
the group of other serotypes of both models (Danish and Portuguese) is markedly distinct and influencing 
the risk factors associated; finally, the statistical methodology used is also different (MCMC was used in 
Portuguese analysis). S. Derby is the most frequent serotype found in Denmark. In the model for this 
serotype the factor “source of feed” deserves particular attention because this factor was retained only for 
this model and is only significant for this serotype. The direction of the effect is also interesting because the 
odds of infection for holdings with home mill are 3 times higher than for commercial compound or mixture, 
usually the risk is found in the other way (Kranker et al., 2001; EFSA, 2011; Correia-Gomes et al., 2013). 
Reasons for this behavior need to be clarified. Another important issue is that the random effect estimated 
variance associated do Derby is the highest of all, meaning that holdings play a role on this problem. The 
random effect in the three adjusted models is statistically significant (p<0.05), suggesting that holdings play 
a relevant role on the outcomes. Interestingly, S. Typhimurium showed the lowest random effect estimated 
variance. It is possible that may be holding factors influencing the infection which were not unveiled in 
this survey. Some important week points for validity of this study are the sample size and the information 
questionnaire, designed to estimate prevalence at country level, not to highlight risk factors (EFSA, 2007); 
some important associations may have been lost due to reduced power of the sample.
Conclusion
The analysis shows serotype specific risk factors associated with Salmonella infection in pig holdings. These 
may play a role in future control. In Denmark, Salmonella Derby appears to have a different risk profile from 
that of Salmonella Typhimurium. Holdings play an important role in the risk of infection. Further studies with 
different design like incidence or case-control studies should be conducted to gain a better understand the risk 
factors and risk profiles associated with particular Salmonella serotypes in pig production.
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Table 2: Final model for S. Typhimurium
OR 95% CI p OR 95% CI p
Boar replacement policy (p=0.084)
   No boarsonfarm 1.0 - - 1.0 - -
   >90% homebred 0.656 0.279 – 1.543 0.334 0.385 0.191 – 0.775 0.008
   10-90% purchased 0.797 0.158 – 4.005 0.782 0.422 0.105 – 1.697 0.224
   >90% purchased 0.496 0.179 – 1.375 0.178 0.325 0.143 – 0.736 0.007
Feed (p= 0.014 )
   Cobbs/rolls/nuts/pellets 1.0 - - 1.0 - -
   Others 0.332 0.078 – 1.419 0.137 0.291 0.091 – 0.931 0.037
   Meal/mash 0.474 0.214 – 1.051 0.066 0.561 0.309 – 1.019 0.058
   Porridge/liquid 0.392 0.163 – 0.947 0.037 0.372 0.185 – 0.747 0.005
Random Effects σ2 (95% CI) SE p σ2 (95% CI) SE p
(holding level) 2.493 (1.783 – 3.485) 0.426 <0.001 3.250 (2.532 – 4.170) 0.413 <0.001
Variables
Salmonella Typhimurium
Typhimurium Other serotypes
Table 3: Final model for S. Derby
OR 95% CI p OR 95% CI p
Boar replacement policy (p= 0.029 )
   No boarsonfarm 1.0 - - - - -
   >90% homebred 0.355 0.143 – 0.882 0.026 0.447 0.231 – 0.867 0.017
   10-90% purchased 0.707 0.136 – 3.688 0.681 0.299 0.070 – 1.275 0.103
   >90% purchased 0.344 0.199 – 0.991 0.048 0.381 0.176 – 0.825 0.014
Feed (p= 0.032 )
   Cobbs/rolls/nuts/pellets 1.0 - - 1.0 - -
   Others 0.128 0.020 – 0.835 0.032 0.427 0.143 – 1.272 0.126
   Meal/mash 0.263 0.084 – 0.825 0.022 0.879 0.421 – 1.838 0.732
   Porridge/liquid 0.238 0.073 – 0.774 0.017 0.478 0.223 – 1.024 0.058
Source of feed (p= 0.031 )
   Home mill mixed 1.0 - - 1.0 - -
   Commercial compound or mixture 0.331 0.116 – 0.945 0.039 1.734 0.879 – 3.421 0.112
Random Effects σ2 (95% CI) SE p σ2 (95% CI) SE p
(holding level) 3.852 (2.911 – 5.096) 0.550 <0.001 2.598 (1.984 – 3.402) 0.357 <0.001
Variables
Salmonella Derby
Derby Other serotypes
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